Objective: In a large series of patients with cervical artery dissection (CeAD), a major cause of ischemic stroke in young and middle-aged adults, we aimed to examine frequencies and correlates of family history of CeAD and of inherited connective tissue disorders.
forms of CeAD in a multicenter setting could be important to guide screening and genetic counseling strategies for patients with CeAD and their families.
We aimed to examine the frequencies and correlates of family history of CeAD and of the aforementioned inherited CTD in 2 large contemporary multicenter cohorts of patients with CeAD (CADISP-plus consortium).
METHODS Study population. The multicenter CADISPplus consortium comprised 2,021 patients with CeAD from both the CADISP clinical study (n 5 983) 5 and the Paris-Lariboisière/ Zürich/Bern CeAD registry (n 5 1,038). 6, 7 Structure and methods of each of these studies have been described in detail previously. 5, [7] [8] [9] Briefly, we included consecutive patients evaluated in a department of neurology with a diagnosis of CeAD, following a standardized protocol (table 1, figures e-1 and e-2, and e-Methods [on the Neurology ® Web site at Neurology.org] for inclusion criteria and recruiting centers). To be included, patients with CeAD had to present with a mural hematoma, aneurysmal dilation, long tapering stenosis, intimal flap, double lumen, or occlusion .2 cm above the carotid bifurcation revealing an aneurysmal dilation or a long tapering stenosis after recanalization, in a cervical artery (internal carotid or vertebral); iatrogenic dissections were excluded. Monogenic CTDs, which were an exclusion criterion for genetic analyses, were included in the CADISP clinical study. The Paris-Lariboisière/Zürich/Bern CeAD registry included patients with first-ever CeAD only.
Between 2004 and 2009, the CADISP clinical study included all consecutive patients evaluated in several departments of neurology with a diagnosis of CeAD. Patients were recruited both prospectively and retrospectively. Retrospective patients are participants who had a qualifying event before the beginning of the study in each center and were identified through local registries of patients with CeAD. The vast majority of these had a qualifying event between 1999 and 2009 (,4% before 1999). In the Paris-Lariboisière/Zürich/Bern Registry on CeAD, patients were included prospectively between 1985 and 2013 (e-Methods).
After excluding patients without reliable information on family history, 1,934 patients with CeAD were available (CADISP study: n 5 921; Paris-Lariboisière/Zürich/Bern registry: n 5 1,013), from 8 countries and 23 centers (figure e-1).
Variable definition. Family history of CeAD was defined by reported history of CeAD in father, mother, siblings, children, or any other defined relative of the index patient. Whenever possible, medical records were obtained for the affected relative to confirm the diagnosis and specify the age at occurrence of CeAD, the dissection site, and presence or absence of cerebral or retinal ischemia (ischemic stroke or TIA, including transient monocular blindness). We systematically searched for history of previously diagnosed vEDS, classic or hypermobile EDS, 10, 11 Marfan syndrome, 12 or other known inherited CTD according to established criteria. 4 When patients were aphasic or had cognitive deficits, information on personal and family history was collected from a close relative. Each patient's personal medical records were examined in detail. When an inherited CTD was suspected based on suggestive clinical features or family history, the patient was sent to a specialized genetics center for further diagnostic workup.
Presence of cerebral or retinal ischemia, of arterial occlusion, stenosis, aneurysmal dilation (e-Methods), or multiple dissections at admission, and 3-month CeAD recurrence rates were recorded.
Putative risk factors (hypertension, hypercholesterolemia, migraine, infection, and trauma preceding the dissection) are defined in e-Methods.
Statistical analyses. To compare clinical and radiologic characteristics as well as risk factor distribution between CeAD patients with and without a family history of CeAD, we first performed univariate analyses using Fisher exact test for categorical and Wilcoxon-Mann-Whitney test for continuous variables. Multivariable logistic regression models were then applied, adjusting for age and sex, as well as for study (CADISP clinical study, Paris-Lariboisière/Zürich/Bern CeAD registry) in a secondary analysis. Sensitivity analyses were performed after excluding one random patient from each of the 3 related patient pairs with a family history of CeAD. In addition, we verified the stability of associations after additionally adjusting Elisabeth for the retrospective vs prospective recruitment for CADISP clinical study participants. Analyses were performed using Statistical Analyses System software, version 9.2 (SAS Institute, Cary, NC).
Standard protocol approvals, registrations, and patient consents. The study protocols were approved by relevant local authorities in all participating centers and conducted according to national rules concerning ethics committee approval and informed consents. 5, 7 The CADISP study is registered with clinicaltrials.gov (NCT00657969); see also www.cadisp.com.
RESULTS Among 1,934 patients with CeAD, 20 patients (1.0%, 95% confidence interval [CI]: 0.6%-1.5%) from 17 families (0.9%, 0.5%-1.3%) had a family history of CeAD; of these, 13 patients had a family history of CeAD in a first-degree relative (0.7%, 0.3%-1.0%). Characteristics of these patients are presented in table 2. In most cases, there were only 2 affected cases per family, including the index patient. Two families had 3 affected members. In one of these, only males were affected, including 2 brothers and 1 maternal cousin, suggesting a possible X-linked inheritance pattern. For 3 families (6 patients), both affected relatives were included in the CADISP-plus study (table 2) . Of the remaining 14 patients with a positive family history, details on CeAD characteristics of the affected relative could be obtained in 11 patients. These characteristics remained undetermined for 3 patients (15%). Patients with CeAD who had a family history of CeAD more often had carotid (mostly left carotid) than vertebral dissection and more frequently had elevated total cholesterol levels ($6.20 mmol/L) at admission compared to patients with CeAD without such a family history (table 3) . There was also a Table 2 Characteristics of patients with a family history of CeAD nonsignificant trend toward a higher prevalence of migraine, especially migraine without aura (table 3) .
Patients with a family history of CeAD did not differ significantly from those without such a family history regarding other putative risk factors, baseline characteristics (especially frequency of multiple dissections), and short-term (3 months) recurrence rate (table 3) . Results were substantially unchanged, although no longer reaching statistical significance, when excluding one random patient from each of the 3 related patient pairs with a family history of CeAD.
None of the patients with a family history of CeAD had been diagnosed with a known inherited CTD. Among patients with CeAD who had a family history of CeAD, 2 patients (0.1%, 0.0%-0.2%) had clinically and genetically confirmed vEDS, with mutations detected in the COL3A1 gene. In both cases, CeAD occurred before age 30 years, and the diagnosis of vEDS was already known before the dissection, with a history of colon rupture. Characteristics of the dissection and other clinical features of vEDS in these patients are described in table 4. There were 2 Table 3 Putative risk factors, and clinical and radiologic features of patients with and without a family history of CeAD additional patients in whom vEDS was suspected after the CeAD, but COL3A1 DNA sequencing was negative. A detailed description of these patients is provided in table e-1. One patient had clinical diagnosis of Marfan syndrome, because he had a positive family history and fulfilled the revised Ghent criteria, despite the absence of genetic testing (table 4) . 12 Two additional patients had features of Marfan syndrome, but did not fulfill established clinical diagnostic criteria (table e-1). 12 One patient was diagnosed with classic EDS, one with hypermobile EDS and one with osteogenesis imperfecta, all without genetic confirmation, but fulfilling clinical diagnostic criteria (table 4) . 10, 11, 13 DISCUSSION In the largest series of patients with CeAD to date, comprising nearly 2,000 patients recruited through departments of neurology (mean age 45 years, 57% men), family history of CeAD was very rare, and was associated with carotid location and elevated cholesterol levels. A trend toward an association of familial CeAD with migraine without aura was also observed. Underlying inherited CTDs, known to be associated with dissection, were exceptional, and all occurred in patients without family history of CeAD. Two patients had clinically and genetically confirmed vEDS. One patient had Marfan syndrome, one was diagnosed with classic EDS, one with hypermobile EDS, and one with osteogenesis imperfecta, based on clinical criteria. In the only previous study to our knowledge that systematically addressed the frequency of family history of CeAD in 200 patients with CeAD, 3 10 patients from 8 families had a family history of dissection. Of these, 5 patients (2.5%, 0.3%-4.7%) from 3 families (1.5%, 0%-3.2%) had a family history of dissection in the cervical arteries (the remaining being in intracranial arteries, aorta, or renal artery) and in 4 patients, the family history of CeAD was in a first-degree relative (2.0%, 0.1%-3.9%). 3 The slightly higher prevalence of familial CeAD compared with our series could be explained by sampling fluctuation (CIs overlap), or selection bias, because recruitment through a single tertiary center could have led to an overrepresentation of unusual, familial cases, 3 while our multicenter recruitment may be more representative of the community. Although rare, the observed frequency of family history of CeAD is higher than expected by chance given the low disease incidence. Indeed, based on an estimated CeAD prevalence of 1/1,000, 14, 15 the probability for a patient with CeAD with 1 sibling and 2 children of having a first-degree relative who had a CeAD by mere chance is ,0.5% (e-Methods).
Although power is limited by the small number of familial cases, we describe some differences in characteristics of patients with and without a family history of CeAD, with a higher frequency of carotid dissection (90% vs 68%) and of hypercholesterolemia (42% vs 17%) in the former. These findings suggest that genetic determinants of CeAD may differ according to the dissection site. The more marked familial clustering for carotid dissection, which was suggested previously in a study comparing patients with CeAD who had a family history of CeAD with published findings from patients with sporadic CeAD, 16 could point to a more important contribution of genetic factors in this vessel location. Most patients with a family history of CeAD had a dissection in the left carotid artery, suggesting that inherited anatomical factors might have a role. The higher frequency of hypercholesterolemia in patients with CeAD who had a positive family history is intriguing, because we have previously shown that patients with CeAD have a significantly lower prevalence of hypercholesterolemia than healthy controls or patients with an ischemic stroke of another etiology matched on age and sex. 9 This may reflect that familial CeAD has different underlying mechanisms from sporadic CeAD, and may also point to shared pathways or shared genetic variation between CeAD and lipid metabolism, with allelic heterogeneity. Of note, for patients in whom detailed information was available, most relatives had a dissection in the same artery type as the index patients (17/19) ; age at CeAD occurrence was often similar within families, as previously described. 15 Only 2 patients with CeAD (without family history of CeAD) had a genetically confirmed diagnosis of vEDS, which was known before the CeAD. From a clinical perspective, our findings suggest that clinically obvious inherited CTDs are extremely rare in patients with CeAD, because only 0.1% of our patients had a diagnosis of vEDS that was clinically evident and genetically confirmed. vEDS is a very rare condition, with a prevalence estimated at 0.2-1/ 100,000, 17 and although CeAD is one of its classic complications, it was described in only 2% of the patients in the largest, partly retrospective series of patients with genetically confirmed vEDS. 18, 19 The first major complication of vEDS was shown to occur before age 40 in 80% of 220 patients, 19 and the reported mean age at occurrence of the first cerebrovascular complication was 28 years. 18 In agreement with these reports, CeAD occurred before age 30 in both patients with vEDS in our series. One of 1,934 patients was previously known to have Marfan syndrome, which is close to the prevalence of this disease in the general population, estimated between 1/3,000 and 1/5,000. 20 Three patients, who had their dissection between 2001 and 2006, had been diagnosed beforehand with classic or hypermobile EDS and with osteogenesis imperfecta (prevalence for these diseases range between approximately 1/100,000 and 1/20,000), without molecular confirmation, but the genetic investigation of these disorders was challenging before the advent of next-generation sequencing, and not thought to be a requirement for diagnosis. Clinical implications are less dramatic because these diseases do not expose to an increased risk of lifethreatening complications, such as vascular or hollow organ rupture, as is the case for vEDS. 4 Overall, inherited CTDs, including EDS, Marfan syndrome, and osteogenesis imperfecta, appeared very rare in this large multicenter series of patients with CeAD, and CeAD was typically not the first symptom revealing the inherited disorder.
Our study has limitations. Only short-term clinical follow-up was available at this stage, so that we could not verify the previously reported association of CeAD family history with long-term CeAD recurrence. 3 The number of patients with a family history of CeAD being small, association estimates have wide CIs and require confirmation in independent samples. Family members with a history of CeAD were not all included in CADISP-plus, therefore precluding detailed clinical description, although minimal information on CeAD characteristics could be obtained in the majority of cases. The diagnosis of CeAD could not formally be verified in 17% of the affected relatives. An underestimation of familial CeAD cannot be excluded, because (1) many CeADs causing strokes among family members remained undiagnosed in the last century because of lack of knowledge and proper imaging equipment, (2) CeAD with minor or no clinical symptoms, or leading to very severe rapidly fatal stroke, is probably still underdiagnosed, (3) some patients may have limited knowledge of their relatives' health. However, history of symptomatic CeAD is clinically more relevant and, while a systematic screening of CeAD in all firstdegree relatives of patients with CeAD with arterial imaging might increase the diagnostic yield by potentially capturing some cases of asymptomatic CeAD, it would be unrealistic and ethically challenging to perform on such a large sample. Patients with CeAD who had inherited CTDs were diagnosed only in centers from Paris (1.0% of all Paris patients) and Zürich (0.4% of all Zürich patients). Although these were among the cities with the largest recruitment, it could point to an underestimation of such disorders in other centers. In France, many national referral centers for rare vascular disorders are located in Paris, which could lead to a recruitment and ascertainment bias. However, the proportion of patients with CeAD with inherited CTD remains small (#1.0%), even in the cities with the largest number of diagnosed cases. Because patients with severe inherited CTDs, such as vEDS, often benefit from close multidisciplinary follow-up in highly specialized referral centers, they may also be hospitalized there when they have a CeAD, and may therefore not have been included in our study. However, given the low prevalence of these disorders, this is unlikely to have led to a major underestimation of their frequency among patients with CeAD at population level. Finally, we cannot formally exclude mild forms of inherited CTD with incomplete penetrance or CeAD as the first isolated symptom, 15,21 because patients were not systematically screened for mutations in genes such as COL3A1, FBN1, TGFBR1, or TGFRB2, responsible for vEDS, 19 Marfan syndrome, 12 and Loeys-Dietz syndrome. 22 In earlier studies, systematic search for mutations in COL3A1 among 53 patients with CeAD, [23] [24] [25] [26] and in TGFBR1 and TGFBR2 among 56 consecutive patients with CeAD, 21 identified potentially deleterious mutations in COL3A1 among 2 cousins with CeAD, 23 and in TGFBR2 in 2 unrelated patients with CeAD, 21 but none of them fulfilled the clinical diagnostic criteria of vEDS or Loeys-Dietz syndrome, possibly pointing to mutations with incomplete penetrance. 10, 11, 22 Whether identifying such mutations is clinically relevant, especially regarding risk of CeAD recurrence, other vascular complications, and familial risk, is unclear to date. Noteworthy, skin biopsies performed in series of 7 to 65 patients with CeAD have shown that about half of these patients have ultrastructural skin connective tissue abnormalities on electron microscopy, the most common pattern being described as composite fibrils within collagen bundles and elastic fiber abnormalities with minicalcifications and fragmentation. 2, [27] [28] [29] [30] Moreover, skin biopsies performed in healthy relatives of 3 index patients with CeAD (from 3 distinct families) have suggested that these ultrastructural skin connective tissue changes may be inherited according to an autosomal dominant pattern, but linkage studies were inconclusive. 31 Similar pathologic changes in the wall of temporal arteries were also described in discordant identical twin pairs, both in the affected and unaffected twin. 32 These findings could suggest underlying connective tissue fragility in patients with CeAD, which may in some cases be inherited, perhaps as part of uncharacterized inherited CTD with incomplete penetrance.
In 2 large multicenter cohorts of patients with CeAD, both family history of symptomatic CeAD and known inherited CTDs were very rare. In clinical practice, given the psychological distress and anxiety that is often generated by the occurrence of CeAD, 33 which usually affects young individuals with few or no vascular risk factors, 9 this is important information for patients and their families. Based on current knowledge, we believe that systematic screening for mutations in genes responsible for inherited CTDs is not clinically justified in monosymptomatic cases. 4 For research purposes, our findings justify ongoing efforts to identify genetic susceptibility factors for CeAD by genetic association studies, 4 or nextgeneration sequencing, rather than a family-based linkage approach, except for the very rare families with multiple cases.
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